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Description 

[0001] The present invention relates to fuel cells 
which operate at room temperature used in portable 
power sources, power sources for electric vehicles, 
household cogeneration systems and the like. Further, 
the present invention relates to a solid polymer electro- 
lyte fuel cell and a method for producing the same, in 
particular. 

[0002] Solid polymer electrolyte (hereinafter, referred 
to simply as "polymer electrolyte") fuel cells allow a fuel 
gas such as hydrogen to electrochemically react with an 
oxidization agent gas such as air at their gas-diffusion 
electrode, thereby to simultaneously generate electricity 
as well as heat. 

[0003] An example of this kind of the polymer electro- 
lyte fuel cells is illustrated in FIG. 2. 
[0004] On both surfaces of a polymer electrolyte film 
(hereinafter, referred to simply as "electrolyte film") 3, 
which selectively transports hydrogen ions, catalytic re- 
action layers 2 consisting mainly of carbon powder car- 
rying a platinum group metal catalyst are arranged in 
close contact with the film. On the surfaces of the cata- 
lytic reaction layers 2, a pair of diffusion layers 1 having 
both of gas-permeability and electrical conductivity are 
additionally arranged while being in close contact. An 
electrode 23 is configured with a diffusion layer 1 and a 
catalytic reaction layer 2. 

[0005] On the outside surfaces of the electrode 23, 
there are arranged electrically conductive separators 4 
in the form of plates for mechanically fixing an electrode- 
electrolyte assembly 22 composed of these electrodes 
23 and the electrolyte film 3 (hereinafter, referred to as 
"MEA") and Adjacent MEAs 22 are electrically connect- 
ed with each other in series. On the surfaces of the sep- 
arators 4 in contact with the electrode 23, there are 
formed gas-flow paths 5 for supplying the reactive gases 
to the electrodes 23 and for exhausting gases generated 
by the reaction or residual gases. The gas-flow paths 5 
may be provided independent of the separator 4, but it 
is general to provide grooves on the surfaces of sepa- 
rator 4 as the gas-flow paths 5. 

[0006] In order to supply the fuel gas to the grooves, 
it is required to branch a pipeline for supplying the fuel 
gas into the separators 4 in their numbers and to con- 
nect the ends of the branched pipelines directly to the 
grooves of the separators 4 by means of a piping jig. 
This jig is referred to as "manifold", and one of the type 
that connects the pipelines of the fuel gas directly to the 
grooves is referred to as "outer manifold". 
[0007] On the other hand, there is also the other type 
called "inner manifold" whose structure is simple. The 
inner manifold is configured by providing ports on the 
separator 4 already having the gas-flow paths and al- 
lowing the inlets and outlets of the gas-flow paths to 
reach to the ports. The fuel gas is supplied through the 
ports. 

[0008] On the other surfaces of the separators 4 



which are placed in every two cells and not in contact 
with the MEAs, there are provided coolant-flow paths 24 
for distributing cooling water employed for maintaining 
the cell temperature constant. By distributing the cooling 
5 water, thermal energy generated by the reaction may be 
recovered and utilized in the form of hot or warmed wa- 
ter. 

[0009] In addition, in order to prevent hydrogen and/ 
or air from leaking outside of the cell or mixing with each 

*o other, and in order to prevent the cooling water from 
leaking outside of the cell, sealants 17 that put the elec- 
trolyte film 3 therebetween or O-rings 18 are arranged 
around the circumference of the electrodes 23. There is 
also such a case wherein these sealants 17 and O-rings 

15 18 have previously been assembled by combining them 
with the electrodes 23 and electrolyte films 3 in an inte- 
gral body. 

[0010] As previously described, many of the fuel cells 
employ a laminated structure configured by stacking a 

20 number of unit cells. In order to exhaust heat generated 
by the electric power during the fuel cell operation to the 
outside of the cells, cooling plates are arranged in every 
1 to 3 unit cells of the laminated cell. As the cooling 
plates, one that has such a structure wherein a thermal 

25 medium such as cooling water is distributed through a 
space surrounded by metallic plates is generally em- 
ployed. As shown in FIG. 2, the coolant-flow paths 24 
are formed on the rear face of the separator 4, i.e. the 
surface where the cooling water flows through, thereby 

30 to allow the separator 4 itself to function as the cooling 
plate. In this structure, the O-rings are required for seal- 
ing the thermal medium such as cooling water, but in 
this sealing method, it is necessary to secure a satisfac- 
tory electrical conductivity between the top and bottom 

35 surfaces of the cooling plates by, for instance, complete- 
ly pressurizing and deforming the O-rings. 
[0011] Then, as regards the previously-described 
manifold, the inner manifold type is generally used that 
has gas-supply ports and gas-exhaust ports for the re- 

40 spective unit cells as well as supply/exhaust ports for 
the cooling water inside of the laminated cell. Herein, as 
an example of the polymer electrolyte fuel cells of the 
inner manifold type, a partly cut-out perspective view 
thereof is illustrated in FIG. 3. 

45 [0012] As the same as the structure shown in FIG. 2, 
the diffusion layers 1, the catalytic reaction layers 2, the 
electrolyte films 3 and separators 4 are laminated, and 
the gas-flow paths 5 are formed. And, the gas manifolds 
8 for supplying/exhausting the gas to/from the cells as 

so well as the cooling water manifolds 8' for supplying/ex- 
hausting the water for cooling the cell are also formed 
in the laminated structure. 

[0013] In the case of operating the cell of such inner 
manifold-type by the use of a reformed gas, however, 
55 the electrode is poisoned to decrease the temperature 
of the cell as the result of increase in the concentration 
of carbon monoxide at the down streams of the fuel gas- 
flow paths in the respective unit cells. And the decrease 
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in the temperature further facilitates the electrodes to be 
poisoned. 

[0014] In order to suppress such decrease in the cell 
performance, the outer manifold-type is now also at- 
tracting attention again whose structure capable of se- 
curing a width of the gas supplying and exhausting por- 
tions from the manifold to the respective unit cells as 
largely as possible. 

[001 5] In the case of the fuel cells of the inner manifold 
type, the reliability on the gas-sealing property is high in 
general because a squeezing or tightening (binding) 
pressure is constantly added onto the whole cell struc- 
ture. In contrast, in the case of the fuel cells of the outer 
manifold type, it is relatively hard to obtain an even and 
flat sealing face because the flanks (side faces) of the 
laminated unit cells that are in contact with the flange of 
the manifold are a laminated body composed of the thin 
sheets such as MEAs and separators. That is, the outer 
manifold type in general has a lower reliability as com- 
pared with the inner manifold type. 
[0016] In the case of the inner manifold type, however, 
when the lamination number and the output power of 
the fuell cell are increased, a large quantity of fluid must 
be supplied and exhausted through the ports of the inner 
manifold. Thus, a pressure loss in the manifold increas- 
es. It is, therefore, required to make the manifold ports 
have a smaller diameter in the fuel cell which has a small 
lamination number by considering the compactness of 
the whole cells, and conversely, to make the manifold 
ports have a larger diameter in the fuel cell which has a 
large lamination number in order to suppress the pres- 
sure loss. For that reason, in the inner manifold system, 
there has been a problem that the lamination number 
should be considered in the design of the separators 
and the MEAs. 

[001 7] In any case, it is required to stack a number of 
the unit cells with cooling portions up in one direction, 
to arrange a pair of end plates on the both end of the 
stacked body, and to fix the stacked body by connecting 
the two end plates with binding rods. As a system for 
squeezing, it is desirable to squeeze the unit cells as 
uniformly as possible with respect to their planes, and it 
is usual to use a metallic material such as stainless steel 
or the like for the end plates and the binding rods in view- 
point of mechanical strength. These end plates and 
binding rods are electrically insulated from the laminat- 
ed unit cells by insulation plates or the like and used in 
a structure whereby any current will not leak outside 
through the end plates. As regards the binding rods, 
there are proposed a modified system whereby the bind- 
ing rods are guided through ports provided on the sep- 
arator plates and another system of squeezing the lam- 
inated unit cells as a whole with metal belts over the end 
plates. 

[0018] In addition, in the sealing method shown in 
FIG. 2, it is necessary to apply a constant pressure for 
maintaining the sealing property and keeping the con- 
tact resistance between the electrodes and the separa- 



tors small and. thus, such a configuration is employed 
wherein screw springs or washers are inserted between 
the binding rods and the end plates. With this squeezing 
pressure, the electrical contact between the members 
5 such as separators, electrodes, electrolyte films and the 
like is also secured. 

[0019] On the other hand, the separators in the de- 
scribed polymer electrolyte fuel cells are required to 
have a high electrical conductivity, a high gas-tightness 

JO to the fuel gas and a high corrosion resistance against 
the reaction product generated at the time of oxidizing/ 
reducing of hydrogen and oxygen. For these reason, the 
conventional separators are configured with a carbon 
material such as glassy carbon, expanded graphite or 

1 5 the like. The gas-flow paths are formed by means of ma- 
chine tool cutting and, in the case of the expanded 
graphite, by molding with a die. 

[0020] In recent years, however, plates of metal such 
as stainless steel or the like have been used in place of 

20 the conventional carbon material. FIG. 4 and FIG. 5 
show schematic plan views of a conventionally used 
separator, respectively. As shown by FIG. 4, by provid- 
ing ribs 6 of a resin material or the like on the circumfer- 
ential parts of the separator 4 and around the circum- 

25 ferences of the ports of the inner manifolds and by in- 
serting, for instance, a metallic mesh 7 or a corrugated 
fin between the electrode and the metallic plate, the gas- 
flow paths are formed. Alternatively, as shown by FIG. 
5, one system may be considered that by pressing a me- 

30 tallic plate to have concaved portions 9 and convex por- 
tions 10, the gas-flow path is formed with the concaved 
portions 9 which connects the ports of the gas supply 
side with the ports of the gas exhaust side in the mani- 
fold. 

35 [0021] For the fuel cells illustrated in the above, there 
is a need for arranging the sealants or the O-rings 
around the circumference of the electrode for preventing 
the gas such as hydrogen or air from leaking. At that 
time, the MEA is required to have a margin as wide as 

40 about 10 mm for providing the sealant. In a method of 
allowing a resin having a sealing effect to impregnate 
into the MEA to provide the sealing portion, a margin as 
wide as about 0.5 mm is also required. 
[0022] For realizing a smaller size, a more compact- 

45 ness and a further reduction in the occupied space of 
the fuel cell, it is required to make these margins for the 
sealing as small as possible. In addition, the sealants or 
the seating portions are required to be sandwiched by 
separators from the top and bottom, and a relatively 

so large squeezing pressure must be constantly applied. 
For that reason, the sizes and weights of the squeezing 
jigs such as the end plates and the binding rods in- 
crease, and are the problems for realizing the compact- 
ness and the lighter weight of the whole cells. 

55 [0023] According to the method of using the sealants 
or the O-rings, or the method of sealing by impregnating 
the resin into the MEA, there is a need for the number 
of the steps for the sealing and, thus, a further inventive 
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means has been desired. In addition, although a satis- 
factory pressure is required to be maintained between 
the electrolyte films and the electrodes, and between the 
electrodes and the separators in the polymer electrolyte 
fuel cells, there is also a problem that it is difficult to con- 
trol the thickness for applying the satisfactory pressure 
because the squeezing pressure between both end 
plates also acts on the both of the electrodes and the 
sealing portions. 

[0024] For the fuel cells of the inner manifold type hav- 
ing a small lamination number, it is required to make the 
ports of the manifold have a small diameter by consid- 
ering the compactness of the obtained fuel cell as a 
whole. On the other hand, for the fuel cells having a large 
lamination number, it is required to make the ports of the 
manifold have a large diameter in order to suppress or 
reduce the pressure loss. That is, there is a problem that 
in designing the separator and the MEA, the lamination 
number must be a constant concern. 
[0025] In JP-A-08 162143 there is disclosed a lami- 
nated fuel cell comprising a plurality of unit cells as a 
stack. Each cell consists of electrodes, a separator as 
an electrolyte layer or ion-exchanging membrane, resp., 
supply means for the fuel and oxidation gases T and a 
gas tight sealing. The laminated stack as a whole is 
coated with an elastic and electrically insulating material 
(e. g. nitile rubber, silicone rubber etc.) to ensure gas 
tightness of the stack. The electrodes and the separa- 
tors have direct contact with the gas-tight coating. Such 
coating might be injured or pierced, resp., on occasion 
of impacts or any exertion of mechanical forces strong 
enough to penetrate such coating and to cause leakage 
which certainly should be avoided, were it for protection 
of the environment only. 

[0026] In view of the above-mentioned unsolved prob- 
lems, the present invention has an object of providing a 
polymer electrolyte fuel cell which has an excellent gas- 
sealing property between the above-mentioned mani- 
fold and the surface of the module of the laminated unit 
cells, and a method for producing the same, as well as 
reinforcement of the insulating coating in order to render 
same more resistant as against mechanical force exert- 
ed on the laminated fuel cells. 

[0027] According to the conventional method of pro- 
ducing the separator plate by means of cutting the car- 
bon plate, it is difficult to reduce the material cost of the 
carbon plate and the cost for cutting the plate. According 
to the method of using the expanded graphite, the ma- 
terial cost is also expensive. And, thus, these methods 
are believed to be an obstacle to putting them into prac- 
tice. 

[0028] Alternatively, according to the above-men- 
tioned method of using the metallic plate in the case of 
the separator shown in FIG. 4, when the amount of the 
flowing gas is reduced and the utilization of the gas is 
raised for the purpose of reducing the energy required 
for supplying the gas, the flow rate of the fuel gas at the 
surface of the electrode becomes small. Thus, the ex- 



haustion of the produced water vapor is made difficult. 
In addition, it is difficult to cause the gas to flow uniformly 
between the supply side and the exhaust side of the 
manifold. 

5 [0029] According to the separator illustrated in FIG. 5, 
it is however possible to maintain the gas-flow rate and 
to flow the gas uniformly. In this structure, however, the 
sealing for the fuel gas is difficult because the end faces 
of the manifold inevitably is in corrugated structure. In 

io addition , there is a number of limitations on the process- 
ing of the metallic plate, and it is difficult to design the 
gas-flow path free. 

[0030] The present invention provides a solid polymer 
electrolyte fuel cell comprising a plurality of stacked unit 
*5 cells, each two unit cells having an electrically conduc- 
tive separator disposed therebetween, said unit cell 
comprising: 

a pair of electrodes each of which comprises a cat- 
20 alytic reaction layer, said pair of electrodes having 
a solid polymer electrolyte film disposed therebe- 
tween, 

a means for supplying and distributing a fuel gas 
mixture containing hydrogen to one surface of said 
25 pair of electrodes, and a means for supplying and 
distributing an oxidant gas containing oxygen to an- 
other surface of said pair of electrodes, 

wherein a gas-tight electrically insulating unitary layer 

30 is provided on the flanks of the stacked unit cells and in 
between the stacked unit cells, thereby to give a gas- 
tightness between said electrodes and said separator, 
said insulating layer covering outside end portions of 
said separators, wherein the edges of the electrodes of 

35 said unit cells reach the flanks of the stacked unit cells, 
and wherein said electrically insulating layer comprises 
a composite material configured with an electrically in- 
sulating material and a material having a larger tensile 
strength than said electrically insulating material. 

40 [0031 ] It is preferable to provide a gas manifold on the 
flanks of the module of the above-mentioned laminated 
unit cells via the above-mentioned electrically insulating 
layer, thereby to supply and distribute the fuel gas to the 
unit cell module. 

45 [0032] Further, it is preferable that the above-men- 
tioned gas manifold is composed of an elastic material. 
[0033] In addition, it is preferable that the material for 
constituting the above-mentioned gas manifold is the 
same as that consisting the above-mentioned electri- 

50 cally insulating layer. 

[0034] Further, it is also preferable that the above- 
mentioned electrically insulating layers comprise a resin 
or a rubber. 

[0035] In addition, it is preferable that the above-men- 
55 tioned separator is composed of a metallic plate having 
a gas-distributing groove, and that the above-mentioned 
gas-distributing groove is connected to the means for 
supplying and distributing the above-mentioned fuel gas 
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by a gas-tight material. 

[0036J Further, it is also preferable that the above- 
mentioned gas-distributing groove is composed of a plu- 
rality of linear grooves disposed in parallel with each oth- 
er. 

[0037] In addition, it is preferable that the above-men- 
tioned gas-distributing groove formed on one surface of 
the metallic plate forms a concave part for a gas-distrib- 
uting groove on the other surface of said metallic plate. 
[0038] Further, it is also preferable that the above- 
mentioned separator is composed of a plurality of me- 
tallic plates and that a gas-distributing groove is provid- 
ed on the entire surface of at least one of the metallic 
plates. 

[0039] In addition, it is preferable that when the 
above-mentioned gas-tight non-metallic material is 
pressed against the metallic plate with a pressure of not 
less than a given value, the surfaces of the metallic plate 
in contact with the gas-tight non-metallic material have 
a gas-tightness to said fuel gas. 
[0040] In addition, the present invention also provide 
a method for producing a solid polymer electrolyte fuel 
cell comprising a plurality of unit cells laminated while 
placing electrically conductive separators therebe- 
tween, said unit cell comprising an electrode having a 
pair of catalytic reaction layers which sandwich a solid 
polymer electrolyte film therebetween, a means for sup- 
plying and distributing a fuel gas mixture containing hy- 
drogen to one surface of the above-mentioned elec- 
trode, and a means for supplying and distributing an ox- 
idant gas containing oxygen to the other surface of the 
above-mentioned electrode, comprising the steps of: 

laminating a plurality of the unit cells via separators 
therebetween into a stack and mechanically fixing 
the plurality of the unit cells from both ends to pro- 
duce laminated unit cells, 

forming an electrically insulating layer on the flanks 
of the stacked unit cells and in between the stacked 
unit cells, said layer comprising a composite mate- 
rial configured with a gas-tight and electrically insu- 
lating material and a material having a larger tensile 
strength than said electrically insulating material on 
the flanks of said laminated unit cells, and 
providing gas manifolds on said laminated unit cells 
via the electrically insulating layer to join said layer 
on said manifolds gas-tightly. 

[0041] In the case of this method, it is preferable that 
said electrically insulating layer is on the gas manifolds 
by means of ultrasonic welding. 
[0042] Further, the gas manifolds may be provided on 
the laminated unit cells via the electrically insulating lay- 
er to join said electrically insulating layer on said mani- 
folds gas-tightly by molding said laminated unit cells and 
said gas manifold into an integral body by means of in- 
jection molding process. 

[0043] In addition, in the above-mentioned separator, 



the gas-distributing grooves on the separator may be 
formed by means of pressing or folding process on a 
metallic plate. 

[0044] Further, the above-mentioned separator may 
5 also be produced by first forming a corrugated pattern 
on the entire surface of a metallic plate by means of 
pressing or folding to form the gas-distributing groove 
having a plurality of linear grooves disposed in parallel 
with each other and, then, by flattening a part of the 
10 above-mentioned metallic plate having the corrugated 
pattern. 

[0045] In addition, it is also possible to integrate the 
gas-sealing material with the metallic plate having the 
gas-distributing grooves by an adhesion or glazing of 

f5 the material on the metallic plate. 

[0046] While the novel features of the invention are 
set forth particularly in the appended claims, the inven- 
tion, both as to organization and content, will be better 
understood and appreciated, along with other objects 

20 and features thereof, from the following detailed de- 
scription taken in conjunction with the drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF 
THE DRAWING 

25 

[0047] 

FIG. 1 is a schematic perspective view of the poly- 
mer electrolyte fuel cell in accordance with an em- 
30 bodiment of the present invention. 

FIG. 2 is a part schematic cross-sectional view 
showing a structure of a conventional polymer elec- 
trolyte 
fuel cell. 

35 FIG. 3 is a partly cut-out perspective view of a pol- 
ymer electrolyte fuel cell of an inner manifold sys- 
tem. 

FIG. 4 is a schematic plan view showing a structure 
of a conventional metallic separator plate. 

40 FIG. 5 is a schematic plan view showing a structure 
of another conventional metallic separator plate. 
FIG. 6 is a part schematic cross-sectional view 
showing a structure of stacked or laminated resp., 
polymer electrolyte fuel cells in accordance with an 

45 embodiment of the present invention. 

FIG. 7 is an exploded schematic perspective view 
showing a configuration of a separator plate used 
in the embodiment of the present invention. 
FIG. 8 is a part schematic cross-sectional view 

50 showing a structure of a polymer electrolyte fuel cell 
in accordance with an embodiment of the present 
invention. 

FIG. 9 is a schematic perspective view showing a 
separator plate used in the embodiment of the 
55 present invention. 

FIG. 10 is a schematic plan view showing a sepa- 
rator plate used in the embodiment of the present 
invention. 
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FIG. 11 is a part schematic cross-sectional view 
showing a structure of a polymer electrolyte fuel cell 
in accordance with an embodiment of the present 
invention. 

FIG. 12 is a schematic perspective view showing a 5 
separator plate used in the embodiment of the 
present invention. 

FIG. 13 is a schematic perspective view showing a 
configuration of a separator plate used in the em- 
bodiment of the present invention. 10 
FIG. 14 is a part schematic cross-sectional view 
showing a structure of a polymer electrolyte fuel cell 
in accordance with an embodiment of the present 
invention. 

75 

[0048] The polymer electrolyte fuel cell in accordance 
with the present invention gives a gas-sealing property 
to the fuel cell by covering the flanks (side faces) of the 
laminated unit cells which is configured by stacking a 
plurality of unit cells each comprising the cell constitut- 20 
ing members such as solid polymer electrolyte film, 
electrodes having the catalytic reaction layers, separa- 
tors, and the like, with an electrically insulating material 
(hereinafter, referred to also as "sealant") having a gas- 
tightness. In addition, the fuel cell is made to have a 25 
compact configuration as a whole by the present inven- 
tion, because the sealant which had been surrounding 
the circumference of the electrode in the MEA is dis- 
pensed with, and it is possible to extend the electrode 
to the side faces of the laminated unit cells. 30 
[0049] Instead of using only the sealant for covering 
the side faces of the laminated unit cells, the sealant 
may be covered or composited with a material such as 
a fiber, a woven fabric, a non-woven fabric, a mesh or 
the like which has a larger tensile strength than the con- 35 
ventional sealant to obtain a composite material. And, 
by using this composite material for the sealants, the 
respective cell constituting members may be mechani- 
cally combined at the circumferences of the respective 
cell constituting members by means of the composite «o 
material. Thereby, the necessary binding force to be ap- 
plied onto the both end plates of the laminated unit cells 
can be reduced to its minimum. 
[0050] When the sealants are arranged around the 
circumferences of the laminated unit cells, a so-called 
outer manifold structure wherein the electrodes laminat- 
ed section is separated from the manifold sections is re- 
alized with ease. And it is possible to divide the manu- 
facturing unit into the electrodes laminated sections 
comprising the MEAs and the separators and the man- 50 
ifold sections whose design differs depending on the 
lamination number and the cell power output. Accord- 
ingly, it is possible to reduce manufacturing cost. 
[0051] In addition, according to the method of the 
present invention for producing the cell, the manufac- 55 
turing steps are greatly simplified in a manner of stack- 
ing and fixing the cell constituting members such as 
MEAs and separators while positioning them to align ac- 



curately and, thereafter, painting or coating a resin or 
the sealant on the flanks of the laminated unit cells. 
[0052] Further, the polymer electrolyte fuel cell in ac- 
cordance with the present invention is configured by 
providing the gas manifold on the cell constituting mem- 
bers via the above-mentioned gas-tight and . electrical- 
ly-insulating material between them. When such a con- 
figuration is adopted, it is made possible to even or flat- 
ten the flanks of the laminated unit cells which are in 
contact with the sealing surfaces of the outer manifolds 
to improve the gas sealing property between the outer 
manifold and the flanks of the laminated unit cells. 
[0053] In this structure, when the above-mentioned 
gas manifold is configured with an elastic material, the 
elastic material absorbs a creep which may develop in 
the laminated unit cells in their thickness direction and 
also absorbs unevenness of the flanks of the laminated 
unit cells in contact with the sealing surfaces of the outer 
manifold. Thereby, the gas sealing property between the 
outer manifold and the flanks of the laminated unit cells 
can be improved. 

[0054] In addition, when the gas-tight and electrically 
insulating material comprises a thermosetting resin 
such as silicone resin or phenolic resin, a thermoplastic 
resin or a rubber such as silicone rubber or butadiene 
rubber, or the like, it is possible to maintain the electri- 
cally insulating property and thus is preferable. 
[0055] In particular, in the case of using an elastomer, 
it absorbs a creep which may develop in the laminated 
unit cells in their thickness direction and also absorbs 
unevenness of the flanks of the laminated unit cells in 
contact with the sealing surfaces of the outer manifold, 
and thus it is convenient because an overall reliability of 
the sealing can be improved. 

[0056] In addition, when a material comprising the 
above-mentioned gas manifold and the above-men- 
tioned gas-tight and electrically insulating material are 
the same, the joining between the outer manifold and 
the flanks of the laminated unit cells in contact with the 
manifold will not be damaged by the difference in the 
expansion coefficient. Thus, it is preferable for improv- 
ing the sealing property between the outer manifold and 
the flanks of the laminated unit cells. 
[0057] The method for producing the polymer electro- 
lyte fuel cell in accordance with the present invention is 
preferable for improving the sealing property between 
the outer manifold and the flanks of the laminated unit 
cells. This is because the method includes the step of 
gas-tightly joining the outer manifold and the electrically 
insulating material. In particular, if this step is performed 
by means of ultrasonic welding, it is preferable because 
the joining property is further improved. 
[0058] In addition, if the flanks of the laminated unit 
cells and the outer manifold are molded into an integral 
body by means of injection molding, it is preferable for 
improving the sealing property between the outer man- 
ifold and the flanks of the laminated unit cells, because 
joining planes among the both members disappears. 
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[0059] Then, in order to solve the above-mentioned 
problems, there has been made a great modification on 
the separators directed to a structure shown in FIG. 5. 
That is, although the gas-distributing grooves are 
formed by means of pressing to be the flow paths, the 
manifold portions are flattened. And, gas-distributing 
grooves which connects the gas-distributing grooves 
formed by pressing to the manifold portions, comprises 
a gas-tight non-metallic material. This gas-tight non-me- 
tallic material may be the same as the above-mentioned 
gas-tight and electrically insulating material. 
[0060] A plurality of substantially parallel linear sec- 
tions of the gas-distributing grooves formed by process- 
ing the metallic plate are connected with each other by 
means of carved or bent gas-distributing grooves com- 
prising the gas-tight and non-metallic material. Also, the 
gas flow paths may be formed by a method other than 
cutting on the entire surface of one of the metallic plates 
that constitutes the separators, and the gas-distributing 
grooves and the convex portions comprising the above- 
mentioned non-metallic material on the other one flat 
and even metallic plate. Namely, the separators may be 
composed of the metallic plates with the gas flow paths 
and the metallic plates with the gas-distributing grooves 
and the convex portions of the non-metallic material. 
[0061] Alternatively, another method may also be 
adopted wherein the hydrogen gas-distributing grooves 
and the gas flow paths are formed on the both surfaces 
of one separator in a manner of forming the gas-distrib- 
uting grooves on the both surfaces of a single metallic 
plate by means of plastic deformation. 
[0062] In addition, a still other method for forming the 
gas-distributing grooves on only one portion of a metallic 
plate may also be adopted. In this case, a corrugations 
are formed on the entire surface of the metallic plate by 
a method such as embossing other than the machine 
tool cutting and, then, sections that require a flatness or 
evenness such as the circumferential gas sealing por- 
tions are flattened by means of pressing or other proc- 
ess. 

[0063] Further, when the gas-tight non-metallic mate- 
rial which forms the gas-distributing grooves is com- 
pressed, the material performs gas sealing property on 
its compressed planes. And, the gas distributing 
grooves formed with the gas-tight non-metallic material 
may be substantially integrated with the metallic plate. 
[0064] Any of the separators used in the polymer elec- 
trolyte fuel cell in accordance with the present invention 
is configured by pressing, embossing or the like a flat 
metallic plate of stainless steel or the like and providing 
with the gas distributing grooves of the gas-tight non- 
metallic material. Thereby, the material cost is small and 
the processing cost is by far small because the mass- 
producibility is excellent. 

[0065] If it is intended to maintain the utilization rate 
of the supplied fuel gas high and the gas flow rate high, 
the gas-distributing grooves must be narrow and the 
cross-sectional area thereof must be small. For that rea- 



son, however, if a corrugated structure is formed on the 
metallic plate for configuring the gas-distributing 
grooves, the end faces of the manifolds have the corru- 
gated structure according to the gas-distributing 

5 grooves. This structure is problematic in maintenance 
of gas-sealing property at the manifold portions when 
the laminated unit cells is formed. 
[0066] For that reason the electrical conductivity be- 
tween the electrodes and the separators is maintained 

'0 by configuring the gas-distributing grooves at the central 
part of the separator where the major portion of the elec- 
trode is in substantial contact by forming the corrugation 
structure on the metallic plate. On the other hand, the 
parts of the metallic plate around the manifold ports are 

15 left flat or even and the gas-distributing grooves are 
formed with the gas-tight non-conductive material such 
as a resin at that parts. Thereby, it is possible to maintain 
the gas-sealing property at the end portions of the man- 
ifolds. 

20 [0067] It is further highly problematic to form a winding 
gas-distributing grooves by means of pressing process, 
because kinds of available paterns are limited and there 
is left stress in the metallic plate after molding. There- 
fore, the gas-distributing grooves formed on the metallic 
25 plate are made to a plurality of linear and parallel 
grooves in the present invention. In addition, at the ends 
of the grooves in contact with the circumferential part of 
the electrode, the gas-distributing grooves having a 
curved pattern are formed with a resin or the like to con- 
so nect the adjacent linear grooves thereby to maintain the 
gas flow rate higher at the same gas utilization rate. Fur- 
ther, it is possible to make the gas flow rate variable by 
changing the design of the curved grooves of the resin. 
[0068] In addition, if it is intended to form a number of 
35 grooves at a part of one metallic plate, the kind of avail- 
able pattern to be formed is limited. For that reason, as 
the metallic plate on which the gas-distributing grooves 
are formed, a plurality of metallic plates previously sub- 
jected to embossing or the like to have the corrugation 
40 are used and finally combined. According to this manu- 
facturing process, the problems on the process are 
greatly reduced. 

[0069] Moreover, according to the structure compris- 
ing the gas-distributing grooves provided on parts of the 

45 both faces of a metallic plate obtained by subjecting the 
metallic plate to the embossing, it is possible to make 
the thickness of the separator thinner up to a sum of the 
thickness of the gas-distributing grooves on the one side 
and the thickness of the metallic plate, because the 

so structure allows the convex parts or ridges on the one 
side, which separate the adjacent grooves, to function 
as the gas-distributing grooves on the other side of the 
matallic plate. 

[0070] In addition, the material for configuring the 
55 gas-distributing grooves has sealing property by pres- 
sure-welding. Therefore, if the gas-distributing grooves 
are integrated with the metallic plate, a separate sealant 
is not required to be arranged and the assembly of the 



8 



13 



EP 0 951 086 B1 



14 



laminated unit cells becomes greatly easy. 
[0071] In the following paragraphs, the preferred em- 
bodiments of the present invention will be described in 
more specificity with reference to the attached drawings, 
but the present invention should not be limited thereto. 
[0072] By immersing a carbon powder having a par- 
ticle size of not larger than several microns in an aque- 
ous solution of chloroplatinic acid and the carbon pow- 
der was caused to carry a platinum catalyst on the sur- 
faces of the respective particles by reduction process. 
In this process, the ratio by weight of the carbon to the 
carried platinum was 1:1. Next, this carbon powder car- 
rying the platinum was dispersed in an alcoholic solution 
of a polymer electrolyte, thereby to obtain a slurry. 
[0073] Separate from this, a carbon paper with a thick- 
ness of 400 pm for the diffusion layer of the electrode 
was impregnated with an aqueous dispersion of a fluor- 
ocarbon resin (Neoflon ND 1 available from DAIKIN IN- 
DUSTRIES, Ltd.) and thereafter dried and thermally 
treated at 400 °C for 30 minutes to have water-repelling 
property. Next, by painting the above-mentioned slurry 
containing the carbon powder uniformly on one surface 
of the above-mentioned carbon paper which had been 
subjected to the water-repelling treatment to form a cat- 
alytic reaction layer, an electrode was obtained. 
[0074] After sandwiching an electrolyte film 3 with a 
pair of the carbon paper electrodes prepared in the 
above-mentioned manner while directing their faces 
with the catalytic reaction layers 2 inward in compliance 
with the structure shown by FIG. 3, the stacked body 
was dried. The carbon paper had a length and a width 
of 10 cm and was arranged on the center of the electro- 
lyte film 3 having a length and a width of 12 cm. By ar- 
ranging a pair of silicone rubber sheets having a thick- 
ness of about 350 u.m as sealants between the elec- 
trodes and the electrolyte film 3 in order to prevent the 
fuel gas from leaking or mixing with the oxidant gas, and 
subjecting the stacked body to a hot pressing process 
at 100 °C for 5 minutes, a MEA was obtained. 
[0075] A unit cell was configured by sandwiching this 
MEA with a pair of separators 4 made of carbon. 
[0076] The separator 4 had a thickness of 4 mm and, 
on its surface, gas-flow paths 5 having a width of 2 mm 
and a depth of 1 mm were forned by means of machine 
tool cutting and, on its circumferential part, there were 
arranged ports 8 for the gas manifold and ports 8' for 
the cooling water manifold. At the time of sandwiching 
the MEA with the separators, a pair of polyethylene ter- 
phthalate (PET) sheets having the same outer size as 
the carbon separators 4 were arranged around the elec- 
trodes. These PET sheets were used as spacers be- 
tween the carbon separators and the electrolyte film. Af- 
ter stacking two such unit cells, a cooling unit configured 
by forming a coolant flow path through which the cooling 
water flows on another separator was stacked thereon, 
and this pattern of stacking was repeated to laminate. 
In this case, no O-ring was used for sealing in the cooling 
units. 



[0077] After laminating 50 cells, each comprising two 
unit cells, each one pair of current collectors, electrical 
insulation plates and ends plates were arranged on the 
both ends of the laminated body, which was then fixed 

5 by squeezing between the end plates with binding rods. 
The binding pressure applied at that time was 10 kgf/ 
cm 2 for the unit area of the separator. Although the fuel 
gas and the cooling water were distributed through the 
obtained module of 50 cells, the expected cell perform- 

*o ance was not able to be obtained because these fluids 
were leaked through the gaps between the PET sheets 
and the separator plates. 

[0078] In accordance with this example, a solution 
prepared by dissolving a phenolic resin powder in an 

'5 organic solvent was painted on the flanks of the module 
50 cells and allowed to solidify after being dried. The 
phenolic resin was also painted on the interior surfaces 
of the manifold by injecting the phenolic resin solution 
into the manifold through the fluid inlet and outlet ports 

20 provided on the end plates and then drying. A composite 
material according to the invention including a material 
having a lager tensile strength was not yet used. 
[0079] A cell performance test was conducted on this 
module of 50 cells by distributing hydrogen, air and cool- 

25 ing water. The obtained cell output was 1 050 w (30A 35 
V) under the conditions of a hydrogen utilization rate of 
70%, an oxygen utilization rate of 20%, a temperature 
of hydrogen humidifying bubbler of 85°C, a temperature 
of oxygen humidifying bubbler of 75°C, and the cell tem- 

30 perature of 75°C. 

[0080] During the test, no gas leaking and cooling wa- 
ter leaking to the flanks of the laminated unit cellss and 
to the interiors of the manifolds were observed. No ad- 
verse influence on the cell performance was observed 

35 even if the binding pressure at the assembling process 
way reduced to 5 kgf/cm 2 . 

[0081] After the above-mentioned evaluation on the 
cell performance, the cells were deassembled for ob- 
serving the state of the interior. FIG. 6 shows the sche- 
me matic cross-sectional view of the flank part of the cells. 
The state of the painted phenolic resin 11 covering the 
surface of the flanks and binding with the separators 4 
made of carbon, and the PET sheets 12 is able to be 
satisfactorily observed. As a result of a trial use of buta- 
45 diene rubber dissolved in an ester solvent in place of the 
phenolic resin as a resin for painting on the surfaces of 
the flanks, a technical advantage in the sealing substan- 
tially equivalent to that of the phenolic resin was ob- 
tained. As described previously, it is needless to say that 
50 a number of the known resins other than the phenolic 
resin used in this example are available for this purpose. 
But in the cell produced this way, there was a need for 
preventing the resin painted on the manifold from block- 
ing the gas distributing ports. For that purpose, there 
55 had been a limitation on the concentration and the vis- 
cosity of the resin composition for the painting, and the 
diameter of the gas distributing ports. 
[0082] In the cell which follows now, the outer mani- 



9 



15 



EP 0 951 086 B1 



16 



fold system is employed in place of the inner manifold 
system. Fig. 7 shows a configuration of the separator 
used here. 

[0083] As shown in FIG. 7, no manifold is provided on 
the separators, and only the flow paths were arranged 
over the entire surfaces thereof. And, the separator in 
the cell constituting unit was configured with a separator 
4a having a flow path 16 for the cooling water on its one 
face and a gas flow path 5 on its other face, a separator 
4b having a gas flow path 5 on its one face and a gas 
flow path 6 on its other face, and a separator 4c having 
a gas flow path 5 on its one face and a flow path 1 5 for 
the cooling water on its other face. Inlet and outlet ports 
13 for hydrogen gas which communicated to the gas 
flow path 5, inlet and outlet ports 14 for air which com- 
municated to the gas flow path 5, and an inlet and outlet 
ports 15 for the cooling water which communicated to 
the flow path for the cooling water 16 were provided on 
the confronting sides, respectively so that the outer 
manifolds can be positioned on the opposite flanks of 
the laminated unit cells when the unit cells are laminat- 
ed. In this configuration, the flow paths 16 were formed 
on the surfaces of the separators by means of machine 
tool cutting. For instance, the gas flow paths 5 of the 
present example were formed by engraving grooves 
having a width of 2 mm and a depth of 1 mm on the 
surfaces of the separators. 

[0084] The configuration of the electrodes is the same 
as that shown in FIG. 3. The PET sheets were arranged 
as the spacers around the circumferences of the elec- 
trodes. In compliance with a pattern of the structure 
wherein after stacking two unit cells with the separator 
4b between them, the separators 4a and 4c serving as 
cooling units were stacked on and beneath the two unit 
cells, a cell module is assembled by laminating 50 unit 
cells. No O-ring was used for sealing the cooling unit. 
Different from the cell of Example 1 , there is no need for 
providing the inlet and outlet ports for the fluids on the 
current collectors, the insulation plates and the end 
plates, respectively. Units for the binding rods were pro- 
vided on the side of the confronting flanks other than the 
flanks where the gas inlet and outlet ports are opened. 
Next, in a manner similar to that for the cell of Example 
1 , the flanks were covered with the phenolic resin as the 
sealant. During this process, a care was so taken that 
the sealant would not close the inlet and outlet ports for 
the gases and the inlet and outlet ports for the cooling 
water. 

[0085] Subsequently, as shown in FIG. 1, the outer 
manifolds 25 made of a phenolic resin having a semi- 
cylindrical shape were provided on the confronting 
flanks of the cell module so as to cover the respective 
rows of the inlet and outlets port for hydrogen, the inlet 
and outlet ports for air, and the inlet and outlet ports for 
the cooling water. The outer manifolds 25 were fixed at 
the end plates with screws 26. In this structure, the seal- 
ing between the outer manifolds and the sealants cov- 
ering the flanks of the cell was performed with a silicone 



resin. A composite material according to the invention 
including a material having a larger tensile strenght was 
not yet used. 

[0086] A cell performance test was conducted on this 
5 module of 50 cells by distributing hydrogen, air and cool- 
ing water. The obtained cell output was 1020 w (30A - 
35 V) under the conditions of a hydrogen utilization rate 
of 70%, an oxygen utilization rate of 20%, a temperature 
of hydrogen humidifying bubbler of 85°C, a temperature 
10 of oxygen humidifying bubbler of 75°C, and a cell tem- 
perature of 75°C. 

[0087] . In addition, when the number of the steps for 
assembling the cell module was reduced by a method 
of fixing the outer manifolds made of a resin before con- 
f5 figuring the sealants on the flanks of the celt, and there- 
after painting and then drying the sealant, a similar per- 
formance was obtained. 

[0088] Further, although the outer manifolds made of 
a resin are used in this example, it is needless to say 
20 that manifolds made of a metal can also be used if the 
sealing sections of the manifolds in contact with the cell 
is electrically insulated. 

[0089] This example demonstrates that, by adopting 
a method of arranging the sealant over the entire flanks 
25 of the polymer electrolyte fuel cell, the outer manifold 
system which has conventionally been used in a fuel 
cells of the molten carbonate salt type or the like can be 
realized with ease. 

[0090] If the structure of this example is adopted, it is 
30 possible to manufacture the manifold units and the lam- 
inated unit cells module, separately. By this process, it 
is demonstrated that the laminated unit cells modules 
comprising the separators, the electrodes, the electro- 
lyte films and the like of the same shape which are not 
35 dependent on, for instance, the application and the out- 
put scale, can be manufactured in a large quantity, while 
the manifold units are manufactured in compliance with 
the application and the output scale. And, thus, it can 
contribute to the reduction in the overall manufacturing 

40 cOSt. 

EXAMPLE 1 

[0091] In this example according to the invention, a 
45 cell of such a structure wherein the carbon paper elec- 
trode with the catalytic reaction layer painted thereon 
was made to have the same size as that of the carbon 
separator and to reach the flanks of the laminated unit 
cells. 

so [0092] The sealant was provided on the flanks of the 
laminated unit cells and the outer manifolds were joined 
thereon. A laminated unit cells module of 50 unit cells 
was assembled. It was however confirmed at the gas 
sealing test in advance to the cell performance test that 

55 if the viscosity of the phenol resin composition was too 
high, the sealing property was deteriorated. A care was 
therefore taken on the viscosity of the resin compositon. 
[0093] As the result of the cell performance test of the 
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module, an output of 1080 W (30A - 36V) was obtained. 
[0094] As illustrated by this example, the sealing of 
the cell constituting members from their outside of the 
laminated body is very effective for realizing the more 
compactness of the cell. 5 
[0095] In addition , the method of stacking the cell con- 
stituting members in a predetermined order and fixing 
the laminated unit celts by the end plates or the like and, 
thereafter, arranging the sealant on the flanks thereof, 
can greatly reduce the manufacturing steps as com- 10 
pared with a method of successively arranging the seal- 
ants on the flanks, while stacking the cell constituting 
members. 

[0096] Further, although the carbon separator used in 
this example is for the outer manifold type, it may also J 5 
be configured for the inner manifold type. 
[0097] For actually putting the solid electrolyte fuel 
cells to practice, it is required to have a reliability for var- 
ious impact forces and thermal strains induced by heat 
cycles. In this example, the following evaluation was 20 
therefore conducted on this points. 
[0098] After sealing the flanks of the laminated unit 
cells with the phenolic resin, it was covered with a cloth 
made from glass fiber having a thickness of about 1 mm. 
And, then, the cloth was impregnated and painted with 25 
the phenolic resin and finally solidified into a composite 
material wherein such cloth forms a material having a 
larger tensile strength than the phenolic resin. 
[0099] No gas leakage was observed with the cell of 
this example even at a dropping test from the height of 30 
3 m because the sealing portions of the cell were rein- 
forced with the cloth of glass fiber. 
[01 00] In addition to this, if a cloth of carbon fiber hav- 
ing an even larger tensile strength was employed in 
place of the cloth of glass fiber, no gas leakage was ob- 35 
served with the cell even at a dropping test from the 
height of 7 m. 

[0101] Although a woven cloth is used in the cell of 
this example, a similar technical advantage is obtained 
by the use of a non-woven fabric, a mesh or the like. 
[01 02] The reason for this is believed to be due to the 
fact that, as compared with the conventional cell where- 
in the binding force is exerted from the remote two end 
plates, the respective adjacent cell constituting mem- 
bers can be more directly fixed by the method of this 
example in addition to the binding pressure (5 kgf/cm 2 ) 
from the end plates. 

[0103] Also, the resins of phenolic type which have 
been employed as the sealant have certain heat-resist- 
ance and become very rigid and brittle after being cured. 
When the cell produced was subjected to a repetition of 
a heat cycles between 5 and 1 00°C for five times, cracks 
presumably due to the thermal strain developed on the 
sealing surfaces of the flanks and the gas and the cool- 
ing water were leaked. In order to obviate this drawback, 
when a silicone resin having a larger extensibility than 
the phenolic resin was applied on the sealing surface 
and, further, the phenolic resin was applied on the sili- 



cone resin and molded, the obtained cell could with- 
stand the above-mentioned heat cycle for not less than 
20 times. In addition, by a concurrent use of the cloth of 
a fiber, a production of a cell having both of the durability 
to the heat cycle and the mechanical strength was pos- 
sible. 

[0104] As described, by the combined use of not less 
than two kinds of material having different mechanical 
properties such as Young's modulus and tensile 
strength, the laminated unit cells module having a high 
durability to the heat cycle and a high mechanical 
strength can be made. 

EXAMPLE 2 

[0105] During a continuous operation of the polymer 
electrolyte fuel cell, a remarkably high binding pressure 
should be constantly applied on from the both ends of 
the electrodes. At that time, it is problematic that the end 
plates and the bindingVods have to be large and long to 
be an obstacle. In this example, the following evaluation 
was therefore conducted by the use of a carbon fiber 
cloth. 

[0106] By setting the binding pressure applied be- 
tween the both end plates at the time of assembling the 
laminated unit cells to a rather high 1 0 kgf/cm 2 , the seal- 
ants were provided on the flanks of the cell by the use 
of the same phenolic resin and the carbon fiber cloth as 
those of the cell of Example 1 . After solidifying the phe- 
nolic resin sufficiently, the binding pressure applied onto 
the end plate was gradually reduced by loosening the 
binding rods. By making the configurations other than 
this the same as that of the cell of Example 1, the cell 
of this example was produced. 

[0107] When the thus obtained cell was subjected to 
the same dropping test as that of the above-mentioned 
example, the cell could withstand the dropping test of 5 
m. In addition, it was found that the cell could withstand 
the dropping test of 5 m even in a case of reducing the 
binding pressure applied between the end plates down 
to 0.5 kgf/cm 2 . 

[0108] Although end plates made of stainless steel 
having a thickness of 20 mm were used in this example, 
a similar mechanical strength was obtained by using the 
end plates made of stainless steel having a thickness of 
5 mm at the binding pressure applied between the end 
plates of 0.5 kgf/cm 2 . In addition to this, a similar tech- 
nical advantage was obtained by the use of a lightweight 
material such as reinforced plastics or the like in place 
of the metal suctfas stainless steel. 
[01 09] Further, by setting the binding pressure to 20 
kgf/cm 2 and, then, solidifying the phenolic resin suffi- 
ciently, the end plates were removed by loosening the 
binding rods. Even in this state, the laminated unit cells 
module was maintained in the combined and laminated 
state and had a satisfactory mechanical strength. Fur- 
ther, it was confirmed that no gas leakage was observed 
after a dropping test from the height of 3 m. 
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[0110] The structure illustrated in this example can 
omit the end plates and can realize a further compact- 
ness and a lightweight cell. 

[0111] Another solid polymer electrolyte fuel cell was 
prepared. 5 
[0112] A carbon powder having a particle size of not 
larger than several microns was immersed in an aque- 
ous solution of chloroplatinic acid, the carbon powder 
was caused to carry a platinum catalyst on the surfaces 
of the respective particles by a reduction process. In this w 
process, the ratio by weight of the carbon to the carried 
platinum was set to 1 : 1 . Next, this platinum-carrying 
carbon powder was dispersed in an alcoholic solution 
of a polymer electrolyte, thereby to obtain a slurry. 
[0113] Separate from this, a carbon paper with a thick- *5 
ness of 400|im which finally served as an electrode was 
given a water repelling property, by being impregnated 
with an aqueous dispersion of a fluorocarbon resin (Ne- 
oflon ND 1 available from DAIKIN INDUSTRIES, LTD.) 
and thereafter dried, and thermally treated at 400°C for 20 
30 minutes. 

[0114] As shown in FIG. 8, by uniformly painting the 
above-mentioned slurry containing the carbon powder 
on one surface of the carbon paper electrode which had 
been subjected to the water-repelling treatment, a cat- 25 
alytic reaction layer 2 was formed. 
[0115] The carbon paper electrode 1 and an electro- 
lyte film 3 were cut to have a size of 12 x 12 cm. And, 
after sandwiching the electrolyte film 3 with a pair of the 
carbon paper electrodes while directing their faces on 30 
which the catalytic reaction layers 2 were formed in- 
wards, the stacked body was dried, thereby to produce 
an ME A 22. 

[0116] Next, a unit cell was configured by sandwich- 
ing this MEA 22 with a pair of separators 4 made of car- 35 
bon having a gas-tightness. The separator 4 had a thick- 
ness of 4 mm. 

[0117] By stacking two of the above-mentioned unit 
cells, a cell constituting unit was obtained. No O-ring 
was used in the cooling unit. <o 
[01 1 8] The separator for the cell constituting unit was 
configured, as shown in FIG. 7, with a separator 4a hav- 
ing a flow path 16 for the cooling water on its one face 
and a gas flow path 5 on its other face, a separator 4b 
having a gas flow path 5 on its one face and a gas flow <5 
path 6 on its other face, and a separator 4c having a gas 
flow path 5 on its one face and a flow path 15 for the 
cooling water on its other face. Inlet and outlet ports 13 
for hydrogen gas which communicated to the gas flow 
path 5, inlet and outlet ports 14 for air which communi- 50 
cated to the gas flow path 5, and an inlet and outlet ports 

1 5 for the cooling water which communicated to the flow 
path for the cooling water 16 were provided on the op- 
posite sides, respectively. 

[0119] The gas flow paths 5 and 6 and the flow paths 55 

16 for the cooling water were formed on the surfaces of 
the separators by means of machine tool cutting. For 
instance, the gas flow paths 5 of the present example 



were formed by engraving grooves having a width of 2 
mm and a depth of 1 mm on the surfaces of the sepa- 
rator plates. 

[0120] By laminating 50 unit cells, stacking each one 
pair of metallic current collectors in the form of plate, 
electrical insulation plate and ends plates in that order. 
And, the stacked body was bound with bolts which pen- 
etrated the stacked body and nuts from the surfaces of 
both end plates to produce the laminated unit cells. The 
binding pressure applied at that time was 10 kgf/cm 2 for 
the unit area of the separator. The binding rod portions 
for binding the cell module were provided on the flanks 
other than the flanks on which the gas input and output 
ports were open. 

[01 21 ] Next, sealing portions 20 were formed by using 
a phenolic resin as the sealant and covering the flanks 
of the laminated unit cells by painting the flanks with a 
phenolic resin composition and then drying. At that time, 
a care was taken for not dosing the gas inlet and output 
ports and the inlet and outlet ports for the cooling water 
with the sealant. In addition, the phenolic resin was 
painted on the portions in contact with the sealing sur- 
faces of the outer manifolds while paying attention for 
maiking the surfaces as even as possible of composite 
material including a material having a larger tensile 
strength was not used. 

[0122] Next, the semi-cylindrical outer manifolds 25 
made of stainless steel as shown by FIG. 1 were joined 
on the laminated unit cells so as to cover the rows of the 
hydrogen gas inlet and output ports 13, the air inlet and 
outlet ports 14, and the inlet and outlet ports 15 for the 
cooling water which were exposed to the flanks of the 
laminated unit cells. These manifolds 25 were fixed at 
the end plates with screws 27. 

[01 23] In addition, the sealing between the outer man- 
ifolds and the sealant covering the flanks of the cell was 
performed by the use of gasket 16. 
[01 24] The gasket 1 6 was prepared by cutting a sheet 
of ethylene-propylene-butadiene ternary copolymer 
composition (EPDM) having closed cells into a prede- 
termined form which corresponded to the sealing part 
of the outer manifold. 

[01 25] A cell performance test was conducted on this 
laminated unit cells by distributing hydrogen, air and 
cooling water. The obtained cell output was 1 020 w (30A 
- 35 V) under the conditions of a hydrogen utilization rate 
of 70%, an oxygen utilization rate of 20%, a temperature 
of hydrogen humidifying bubbler of 85°C, a temperature 
of oxygen humidifying bubbler of 75°C, and a cell tem- 
perature of 75°C. 

[0126] Although gas leakage was measured during 
the test, the leakage was not detected and it was found 
that a preferable sealing property was obtained. 
[0127] This example demonstrates that, by adopting 
a method of arranging the sealing material over the en- 
tire flanks of the polymer electrolyte fuel cell, the outer 
manifold system which has conventionally been used in 
a fuel cell of the molten carbonate salt type or the like 
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can be realized with ease. 

[01 28] Further, if the structure shown by this example 
is adopted, it is possible to manufacture the manifold 
units and the laminated unit cells module, separately. 
By this process, it is demonstrated that the laminated 5 
unit cells modules comprising the separators, the elec- 
trodes, the electrolyte films, and the tike of the same 
shape which are not dependent on the application and 
the output scale can be manufactured in a large quantity. 
Of cource, the manifold units are manufactured in com- io 
pliance with the application and the output scale. 
[0129] This type of solid polymer electrolyte fuel cell 
was modified by varying the viscosity of the phenolic 
resin composition. And, in advance to the cell perform- 
ance test, a gas sealing test was conducted. As the re- '5 
suit thereof, it was found that if the concentration of the 
phenolic resin composition was too high and the viscos- 
ity thereof was too high, the sealing property was dete- 
riorated. As the result of a cell performance test of the 
module conducted under the same conditions as that of 20 
Example 6, an output of 1 080 (30 A - 36 V) was obtained. 
This value was rather high as compared with the fuel 
cells using the conventional spacer of PET sheet or the 
like. It is regarded that the reason for this is that the elec- 
trode structure having substantially the same area as 25 
the carbon separator because the sealing at the edges 
of the electrode were performed from the outside. 
[01 30] A test including the start-up and the stop simul- 
taneously with the heat cycles from room temperature 
to 80°C was conducted on the laminated unit cells con- 30 
tinuously for ten times. As the result thereof, it was found 
that no gas leakage from the outer manifold was detect- 
ed and that the sealing property of the outer manifold 
was maintained even if a creep developed in the thick- 
ness direction of the laminated unit cells. 35 
[0131] As illustrated in this example, it is very effective 
for realizing the compactness of the cell to seal the lam- 
inated unit cells from the outside. 
[0132] In addition, the manufacturing method of the 
laminated unit cell illustrated, the method of stacking the *o 
cell constituting members in a predetermined order and 
fixing the laminated unit cells by the end plates or the 
like and, thereafter, arranging the sealants on the flanks 
thereof, can greatly reduce the manufacturing steps as 
compared with a method of successively arranging the 45 
sealants on the flanks, while stacking the cell constitut- 
ing members. 

EXAMPLE 3 

50 

[01 33] In order to put the solid polymer electrolyte fuel 
cells to practice, it is required to have a reliability for with- 
standing various impact forces and thermal strains in- 
duced by heat cycles. In this example, the following cell 
was therefore produced. 55 
[01 34] The procedure described just before was gen- 
erally followed for producing another laminated unit cell. 
And in place of sealing the flanks thereof with the phe- 



nolic resin, the flanks were sealed with a polyisobuty- 
lene rubber. Thereafter, the sealed flanks were covered 
with a liquid crystal polymer which was an engineering 
plastic to a thickness of 1mm and then solidified. 
[0135] When the laminated unit cells produced in Ex- 
ample 7 was dropped from the height of 1 m, its lami- 
nated structure was warped, thereby to occur a gas 
leakage. No gas leakage was observed with the cell of 
this example even at a dropping test from the height of 
5 m because the sealing portion was reinforced with the 
engineering plastic. 

[0136] A cell performance test conducted under the 
same conditions as Example 6 resulted in 1080 W (30 
A -36 V). 

[0137] The cell produced by this example was made 
to withstand heat cycles from room temperature to 80°C 
for not less than 1 00 times, because the isobutylene rub- 
ber having a higher extensibility as compared with the 
phenolic resin was applied to the sealing surface and, 
further, the applied phenolic resin was covered with the 
engineering plastic to mold. 

[0138] As described above by the combined use of 
not less than two kinds of material having different me- 
chanical properties such as tensile strength, Young's 
modulus and the like, a production of the laminated unit 
cells module having a high durability for the heat cycles 
and a high mechanical strength is made possible. 

EXAMPLE 4 

[0139] During a continuous operation of the polymer 
electrolyte fuel cell, a remarkably high binding pressure 
should be constantly applied between the both ends of 
the electrodes. At that time, the fact that the end plates 
and the binding rods are excessively large and long be- 
comes an obstacle to the requirement. In this example, 
gas sealing portions on its flanks were joined on the out- 
er manifold with an adhesive to obtain a fuel cell, the 
evaluation thereof was therefore conducted. 
[0140] By setting the binding pressure between the 
end plates to be fixed at the time of assembling the lam- 
inated unit cells to a rather high 10 kgf/cm 2 , the sealants 
on the flanks of the cell and the outer manifolds were 
configured by the use of the polyisobutylene rubber and 
the engineering plastic. And, the gas sealing surfaces 
were joined with a silicone rubber adhesive in a manner 
similar to those of the cell of Example 3. 
[0141] And, after causing the adhesive to solidify suf- 
ficiently, the binding pressure between the end plates 
was gradually reduced by loosening the binding rods. 
As in the same configurations other than this as the cell 
of Example 3, the cell of this example was produced. 
[0142] When the obtained cell was subjected to the 
dropping test, it was found that it could withstand the 
dropping test of 5 m. In addition, it was found that the 
cell could withstand the dropping test of 5 m even in the 
case of reducing the binding pressure applied at the pre- 
vious step between the end plates down to 0.5 kgf/cm 2 . 
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[0143] Although the end plates made of stainless 
steel having a thickness of 20 mm were used in this ex- 
ample, a similar mechanical strength was obtained by 
using the end plates made of stainless steel having a 
thickness of 5 mm at the binding pressure applied be- 5 
tween the end plates of 0.5 kgf/cm 2 . In addition to this, 
a similar technical advantage was obtained by the use 
of a lighter materia! such as reinforced plastics or the 
like in place of the metal such as stainless steel. 
[0144] Further, by setting the binding pressure to 20 *o 
kgf/cm 2 , the end plates were removed by loosening the 
binding rods. Even in this state, the laminated unit cells 
module was maintained in the combined and laminated 
state and had a satisfactory mechanical strength, and it 
was confirmed that no gas leakage was ovserved after *5 
a dropping test from the height of 3 m. 
[0145] The structure illustrated in this example can 
omit the end plates and can realize a further compact- 
ness and a lighterweight cell. 

20 

EXAMPLE 5 

[01 46] Another cell was produced by generally follow- 
ing the procedure of Example 4 except that ultrasonic 
welding was employed for joining of the sealant of the 25 
flanks of the cell on the gas sealing surfaces of the outer 
manifolds. 

[0147] When the thus obtained cell was subjected to 
a dropping test similar to that of Example 9, it was found 
that it could withstand a dropping test of 5 m. In addition, 30 
it was found that the cell could withstand the dropping 
test of 5 m even in a case of reducing the binding pres- 
sure exerted at the previous step between the end 
plates down to 0.5 kgf/cm 2 . 

35 

EXAMPLE 6 

[0148] In this example, a polyisobutylene rubber and 
the engineering plastic were applied to the flanks of the 
fuel cell produced in Example 1 integrally by means of *o 
injection molding. 

[0149] When the cell comprising the above-men- 
tioned flanks was subjected to the same dropping test 
as that of Example 4, it was found that it could withstand 
the dropping test of 5 m. In addition, it was found that <*5 
the cell could withstand the dropping test of 5 m even in 
a case of reducing the binding pressure applied at the 
previous step between the end plates down to 0.5 kgf/ 
cm 2 . 

50 

EXAMPLE 7 

[0150] By immersing a carbon powder having a par- 
ticle size of not larger than several microns in an aque- 
ous solution of chloroplatinic acid, the carbon powder 55 
was caused to carry a platinum catalyst on the surfaces 
of the respective particles by a reduction process. In this 
process, the ratio by weight of the carbon to the carried 



platinum was 1:1. Next, this carbon powder carrying 
the platinum was dispersed in an alcoholic solution of a 
polymer electrolyte, thereby to obtain a slurry. 
[01 51] Separate from this, a carbon paper with a thick- 
ness of 400u.m for the electrode was impregnated with 
an aqueous dispersion of a fluorocarbon resin (Neoflon 
ND 1 available from DAIKIN INDUSTRIES, LTD.) and 
thereafter dried and thermally treated at 400°C for 30 
minutes, thereby to give it a water-repelling property. 
Next, by painting the above-mentioned slurry containing 
the carbon powder uniformly on one surface of the 
above-mentioned carbon paper which had been sub- 
jected to the water-repelling treatment to form a catalytic 
reaction layer 2, an electrode was obtained. 
[0152] After sandwiching an electrolyte film 3 with a 
pair of the carbon paper electrodes prepared in the 
above-mentioned manner while directing their faces on 
which the catalytic reaction layers had been formed in- 
wards, the obtained stacked body was dried. The car- 
bon paper electrode had a length and a width of 10 cm 
and was arranged on the center of the electrolyte film 
having a length and a width of 12 cm. By arranging a 
pair of silicone rubber sheets having a thickness of 
about 350^m between the electrodes and the polymer 
electrolyte film 3 in order to prevent the supplied fuel 
gas from leaking or mixing with the oxidant gas and by 
subjecting the stacked body to a hot pressing process 
at 100°C for 5 minutes, an MEA (electrode-electrolyte 
assembly) was obtained. 

[0153] As the metallic plate for the separator, SUS 
316 (stainless steel) plate having a thickness of 0.3 mm 
was used, and as shown in FIG. 9. And, on the central 
region (10 cm x 9 cm) of the metallic plate, a corrugated 
section 1 at a pitch of 5.6 mm (width of groove: 2.8 mm) 
was formed by means of pressing. At that time the depth 
of the groove 2 (the height of the ridge 2) was set to 
about 1 mm. 

[0154] As shown in FIG. 9(a), manifold ports 28 for 
supplying and exhausting hydrogen gas, oxygen gas 
and cooling water were provided on the confronting side 
sections of the plate. FIG. 9(b) is a schematic enlarged 
view of a part of FIG. 9(a) encircled by the one dot chain 
line. On the surface of the separator which serves to flow 
hydrogen, grooves 29 for guiding the gas from the man- 
ifold ports to the gas-distributing grooves formed by the 
pressing of the metallic plate were provided by piling up 
phenolic resin to form ribs 31. Additional ribs 31 were 
also formed for connecting the two adjacent grooves 
with each other at bent sectors. 
[01 55] The thickness of the convex parts made from 
the phenolic resin was selected to about 1 mm which 
was equal to the height of the ridge (or the deoth of the 
linear groove) in the corrugated metallic plate. The con- 
vex portions were also formed around the circumfer- 
ence of the metallic plate made of SUS 316 and the cir- 
cumferences of the manifold ports, which constituted 
gaskets 7 corresponding to the pattern of the metallic 
plate. On the surface of the separator which serves to 
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flow air, there were formed ribs as shown in FIG. 9(b) 
for connecting the six adjacent grooves with each other 
at bent continuous sectors of the gas-distributing 
grooves. The reason for adopting different structures at 
the hydrogen side and the air side was due to the fact 
that the gas flow rate at the air side differed from that at 
the hydrogen gas side at about 25 times. Conversely 
speaking, according to such a structure, it is possible to 
realize the optimum gas flow rate and gas pressure loss 
by changing the pattern of the resin gas-distributing 
grooves in compliance with the gas flow rate. 
[01 56] As shown in FIG. 1 1 , a unit cell was configured 
by sandwiching the MEA 22 with a pair of these two kind 
of separators and gasket. As shown in FIG. 11, by con- 
figuring the cell in a structure where the position of the 
hydrogen-distributing grooves 33 corresponds to the 
position of the air-distributing grooves 34, care was tak- 
en for applying no excessive shearing force on the elec- 
trode. In every two stacked unit cells, a cooling unit 35 
was provided for distributing the cooling water. By using 
a metallic mesh 7 made from SUS 316 for configuring 
the cooling unit, the electrical conductivity of the cooling 
unit and the distributing property of the cooling water are 
ensured. And, the gasket 19 made from the phenolic 
resin was provided at the circumference of the stacked 
body to form the sealing portion. On such - portions 
where the gas-sealing properly was required, for exam- 
ple, portions between the gasket and the MEA, between 
one metallic plate and the other metallic plate and be- 
tween the gasket and the metallic plate, the sealing 
property was secured by painting grease 36 at a thin 
thickness without excessively reducing the electrical 
conductivity. 

[0157] After laminating 50 unit cells, it was fixed with 
the end plates made of a stainless steel and binding 
rods, while placing current collectors, and insulator 
plates on top and bottom of the laminated unit cells, at 
a binding pressure of 20 kgf/cm 2 . If the pressure was 
too small, a gas leakage might occured and contact re- 
sistance might became high, thereby to deteriorate the 
cell performance. Whereas, if the pressure was too 
large, the electrodes might be broken and the stainless 
steel plates might be deformed. It was therefore impor- 
tant to adjust the binding pressure in compliance with 
the design of the gas-distributing grooves. 
[0158] A cell performance test was conducted on the 
polymer electrolyte fuel cell of this example produced in 
accordance with the above-mentioned process, by dis- 
tributing hydrogen as the fuel gas, and air under a hy- 
drogen utilization rate of 70%, and an oxygen utilization 
rate of 20%. At the test, the cell temperature is 75°C, 
the humidifying temperature at the hydrogen side is 
80°C, a humidifying temperature at the oxygen side is 
75°C. The electrical output of 1050 w (35 V - 30 A) was 
obtained. 

[0159] Although the gas-distributing grooves were 
configured with a plurality of parallel straight lines in this 
example, various other structures may also be possible; 



for instance, a structure of connecting the manifold port 
for the gas supply to the manifold port for the gas ex- 
haust through gas-distributing grooves having two bent 
sections as shown in FIG. 12(a), another structure of 
5 connecting the central manifold port to the outside man- 
ifold port through gas-distributing grooves having a pat- 
tern of roll shell as shown in FIG. 12(b), and the like. 

EXAMPLE 8 

w 

[0160] Although the gas-distributing grooves were 
formed by using the phenolic resin in Example 7 as a 
material having no permeability for the fuel gas, a car- 
bon material or a rubber material may also be used as 
J5 a material having a easy moldability. In this example, a 
rubber-like material was therefore used for a trial pro- 
duction. 

[0161] A sheet of isobutylene rubber having a thick- 
ness of about 1 mm was cut to have the same form as 

20 the phenolic resin gasket used in Example 7, and was 
used with the stainless steel plate for configuring the 
separator. Although there was a need for using the 
grease in number of spots of the phenolic resin gasket 
in Example 7, there was no need for using the grease 

25 in this example except the portions between the two me- 
tallic plates. Further, in the case of the phenolic resin 
gasket, a care had to be taken about a tendency of leak- 
ing gas through the connecting points (32 in FIG. 10) 
between the gas-distributing grooves configured with 

30 the metallic plate and the gas-distributing grooves con- 
figured with the phenolic resin. However, substantially 
no gas leaking occurred through these portions in this 
case of using the isobutylene rubber sheet. 
[0162] As the result of the trial production using the 

35 resin sheet such as silicone rubber sheet, a Teflon (poly- 
fluoroethylene fiber) sheet, or the like, it was found that 
substantially no gas leaking occurred from the members 
which had been maintained their gas-sealing property 
by being pressed against the surface of the metal at a 

40 pressure of 30 kgf/cm 2 . In addition, when the gasket 
made from the isobutylene rubber sheet had previously 
been fixed integrally with the metallic plate of SUS with 
an adhesive, the assembling of the laminated unit cells 
was performed simply and conveniently. 

45 [0163] A cell performance test was conducted on the 
polymer electrolyte fuel cell of this example produced in 
accordance with the above-mentioned process, by dis- 
tributing hydrogen as the fuel gas, and air at a hydrogen 
utilization rate of 70%, and an oxygen utilization rate of 

50 20%. At the test, the cell temperature is 75°C, the hu- 
midifying temperature at the hydrogen side is 80°C, a 
humidifying temperature at the oxygen side is 75°C. As 
a result, the electrical output of 1050 w (35 V - 30 A) is 
obtained. 

55 

EXAMPLE 9 

[01 64] In Examples 7 and 8, although the gas-distrib- 
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uting grooves were formed on the central part of a me- 
tallic plate by means of pressing, the yield of this process 
was about 50% at most because a strain or a warp might 
develop in the metallic plate even with a slight change 
in the pressing conditions. A trial production was there- 5 
fore conducted, whereby a metallic plate requiring the 
pressing was separated from an even metallic plate for 
the gas sealing. 

[0165] In accordance with this example, a SUS plate 
having a thickness of 0.3 mm and a width of 9 cm was 
subjected to a bending process in one direction to have 
a fin structure having trapezoids. The period in the bend- 
ing was set to 5.6 mm (width of the groove: 2.8 mm) 
which was the same as Example 1. As shown in FIG. 
13, a structure was taken, whereby the tips of the ribs 
31 of the rubber material which constituted the gas-dis- 
tributing grooves 37 at bent sections were partly insert- 
ed into rear faces of the convex section 30 of the SUS 
316 plate for maintaining the sealing property. 
[01 66] In addition, rubber sheets 38 were inserted into 
the rear portions of the convex section 30 of the SUS 
316 plate wherein no fuel gas should be distributed, 
thereby to close the gaps. In this manner, the same con- 
figuration - of the separator of Example 1 was realized. 
As the result of the cell performance test conducted on 
the laminated 50 cells configured with this separator, an 
output of 1010 W (34 V - 30 A) was obtained. 

EXAMPLE 10 

[01 67] The processing yield of the separator, wherein 
the gas-distributing grooves were formed on the central 
part of the metallic plate by pressing, was poor because 
a warp or a strain might develop in the metallic plate 
even with a slight change in the pressing conditions. An 
investigation was therefore conducted on the process 
of the pressing of a metallic plate as in Example 7. 
[01 68] First, a fin structure having the same trapezoid 
as that in Example 9 was obtained by means of bending 
or pressing. Next, a part except for the central region of 
10 cm x 9 cm was flattened by pressing (up to a pressure 
of 500 kgf/cm 2 ). The flattening was made easy by rais- 
ing the temperature. Finally, the manifold ports were 
provided on the both sides of the separator. Although 
the process on the metallic plate was very effective in 
the case of using a material which was easy to cause a 
plastic deformation such as aluminum and the like, there 
was a need for providing a countermeasure against a 
possible corrosion or the like. 

[0169] As the result of the cell performance test, an 
output of 1020 W (34 V - 30 A) was obtained. 

EXAMPLE 11 

[0170] The foregoing examples disclose the forma- 
tion of the gas-distributing grooves on either one of the 
air flowing side or the hydrogen flowing side of the sep- 
arator by means of other than the machine tool cutting. 



In this example, one groove-forming step was employed 
to form the grooves on both the front and rear faces of 
the metallic plate for the gas-distributing grooves. 
[0171] That is, as shown in FIG. 14, grooves were 
formed on a separator 4 made of SUS 316 so that the 
height of the circumferential section 39 of the separator 
4 was to have a half height of the height of the concave 
portion and the convex portion, and the manifold ports 
were provided on the separator. Further, by arranging 
the rubber sheets 38 made of isobutylene rubber on 
both the front and rear faces of the separator by setting 
the height of the rubber sheet to the height of the convex 
part 30 of the separator 4, the gas-distributing grooves 
similar to those of Example 1 were formed. When the 
laminated unit cells was configured by using the sepa- 
rator, a care was taken for making the positions of the 
grooves to coincide with each other at both the air flow- 
ing side and the hydrogen flowing side of the separator 
as shown in FIG. 14. The coincidence of the positions 
of the grooves was also adopted in a cooling unit 35 
shown in FIG. 14. The same configuration as Example 
1 was adopted in the cooling unit. 
[0172] As the result of the cell performance test of - 
the laminated unit cells comprising 50 unit cells conduct- 
ed under the same conditions as in Example 1 , an output 
of 1050 W (34 V - 31 A) was obtained. 
[01 73] As described previously, when the gas-distrib- 
uting grooves were formed on both the surfaces of a sin- 
gle metallic plate, since the linear concave parts which 
separate the adjacent gas-distributing grooves at the 
hydrogen flowing side served as the gas-distributing 
grooves at the air flowing side. Thereby, the single plate 
could be shared in its thickness direction by both the 
grooves at the hydrogen flowing side and the air flowing 
side. And, it was possible to make the thickness of the 
one separator very thin. By setting the depth of the 
grooves to 0.8 mm and the thickness of the plate to 0.3 
mm, a separator of the thickness of 1.1 mm was real- 
ized. 

[0174] In addition, different materials may be used for 
configuring the convex parts of a non metallic material 
for forming the gas-distributing grooves, the convex 
parts arranged around the circumferential part of the 
separator, and the convex parts for forming the sealing 
parts around the manifold ports. For instance, if there is 
a need to more accurately adjust the thickness for one 
cell, it is possible to configure the circumferential part of 
the separator with a phenolic resin and to configure the 
other parts where the sealing property is strictly required 
with a silicon rubber. 

[0175] Further, although the SUS 316 is used for the 
metallic plate, it is also effective to use another metallic 
plate having a greater processability such as SUS 31 6L, 
SUS 304 or the like. As regards the durability which is 
a matter of concern, the obtained voltage drop of the 
laminated unit cells of 50 unit cells configured with the 
separators made of the SUS 31 6L was about 2 V after 
a continuous operation for 2000 hours. 
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[0176] According to the present invention, since the 
sealants which have to be provided previously between 
the separators can be omitted, it is possible to realize a 
reduction in the manufacturing cost. In addition, an elec- 
trode having the same size as that of the separator can 
be realized, thereby to contribute to the compactness. 
Further, the mechanical strength can be increased and 
the structure of the cell constituting unit such as end 
plate can be simplified. 

[0177] In addition, according to the present invention, 
it is possible to provide a polymer electrolyte fuel cell 
having an improved gas-sealing property between the 
outer manifolds and the flanks of the laminated unit 
cells. Further, it is possible to realize a simplification in 
the assembling steps. 

[0178] Moreover, according to the present invention, 
since a metallic separator made of stainless steel or the 
like can be used without any machine tool cutting, it is 
possible to greatly reduce the manufacturing cost at a 
mass-production. In addition, since the separator can 
be made thinner, it also contributes to realize the com- 
pactness of the laminated unit cells. 
[0179] It is understood that various other modifica- 
tions will be apparent to and can be readily made by 
those skilled in the art without departing from the scope 
of the invention. Accordingly, it is not intended that the 
scope of the claims appended hereto be construed as 
set forth herein, but rather that the claims be construed 
as encompassing all the features of patentable novelty 
that reside in the present invention, including all features 
that would be treated as equivalents thereof by those 
skilled in the art to which the invention pertains. 

Claims 

1. A solid polymer electrolyte fuel cell comprising a 
plurality of stacked unit cells, each two unit cells 
having an electrically conductive separator dis- 
posed therebetween, said unit cell comprising: 

a pair of electrodes each of which comprises a 
catalytic reaction layer, said pair of electrodes 
having a. solid polymer electrolyte film disposed 
therebetween, 

a means for supplying and distributing a fuel 
gas mixture containing hydrogen to one surface 
of said pair of electrodes, and a means for sup- 
plying and distributing an oxidant gas contain- 
ing oxygen to another surface of said pair of 
electrodes, 

wherein a gas-tight electrically insulating unitary 
layer is provided on the flanks of the stacked unit 
celts and in between the stacked unit cells, thereby 
to give a gas-tightness between said electrodes and 
said separator, said insulating layer covering out- 
side end portions of said separators, wherein the 



edges of the electrodes of said unit cells reach the 
flanks of the stacked unit cells, and 
wherein said electrically insulating layer comprises 
a composite material configured with an electrically 
5 insulating material and a material having a larger 

tensile strength than said electrically insulating ma- 
terial. 

2. The solid polymer electrolyte fuel cell in accordance 
*o with claim 1, wherein a gas manifold is provided on 
the flanks of said laminated unit cells via said elec- 
trically insulating layer, thereby to supply and dis- 
tribute the fuel gas to the module. 

J5 3. The solid polymer electrolyte fuel cell in accordance 
with claim 2, wherein said gas manifold is com- 
posed of an elastic material. 

4. The solid polymer electrolyte fuel cell in accordance 
20 with claim 2, wherein said gas manifold is com- 
posed of the same material as that of said electri- 
cally insulating layer. 

5. The solid polymer electrolyte fuel cell in accordance 
25 with claim 4, wherein said electrically insulating lay- 
er comprises a resin or a rubber. 

6. The solid polymer electrolyte fuel cell in accordance 
with claim 1 , wherein said separator is composed 

30 of a metallic plate having a gas-distributing groove 
and said gas-distributing groove is connected to the 
means for supplying and distributing said fuel gas 
by a gas-tight non-metallic material. 

35 7. The solid polymer electrolyte fuel cell in accordance 
with claim 6, wherein said gas-distributing groove 
is composed of a plurality of linear grooves dis- 
posed in parallel to each other. 

40 8. The solid polymer electrolyte fuel cell in accordance 
with claim 7, wherein said gas-distributing groove 
on one surface of the metallic plate forms a concave 
portion for a gas-distributing groove on the other 
surface of said metallic plate. 

45 

9. The solid polymer electrolyte fuel cell in accordance 
with claim 6, wherein said separator is composed 
of a plurality of metallic plates and a gas-distributing 
groove is provided on the entire surface of at least 

50 one of the metallic plates. 

1 0. The solid polymer electrolyte fuel cell in accordance 
with claim 6, wherein the surfaces of the metallic 
plate in contact with the gas-tight non-metallic ma- 

55 terial have a gas-tightness to said fuel gas when 
said gas-tight non-metallic material is pressed 
against the metallic plate with a pressure of not less 
than a given value. 



17 



31 



EP 0 951 086 B1 



32 



11. A method for producing a solid polymer electrolyte 
fuel cell comprising a plurality of unit cells laminated 
while placing electrically conductive separators 
therebetween, said unit cell comprising an elec- 
trode having a pair of catalytic reaction layers which 
sandwich a solid polymer electrolyte film therebe- 
tween, a means for supplying and distributing a fuel 
gas mixture containing hydrogen to one surface of 
said electrode, and a means for supplying and dis- 
tributing an oxidant gas containing oxygen to the 
other surface of said electrode, comprising the 
steps of: 

laminating a plurality of the unit cells via sepa- 
rators therebetween into a stack and mechan- 
ically fixing the plurality of the unit cells from 
both ends to produce laminated unit cells, 
forming an electrically insulating layer on the 
flanks of the stacked unit cells and in between 
the stacked unit cells, said layer comprising a 
composite material configured with a gas-tight 
and electrically insulating material and a mate- 
rial having a larger tensile strength than said 
electrically insulating material on the flanks of 
said laminated unit cells, and 
providing gas manifolds on said laminated unit 
cells via the electrically insulating layer to join 
said layer on said manifolds gas-tightly. 

12. The method for producing a solid polymer electro- 
lyte fuel cell in accordance with claim 11, wherein 
said electrically insulating layer is on the gas man- 
ifolds by means of ultrasonic welding. 

13. The method for producing a solid polymer electro- 
lyte fuel cell in accordance with claim 11, wherein 
said gas manifolds are provided on the laminated 
unit cells via the electrically insulating layer to join 
said electrically insulating layer on said manifolds 
gas-tightly by molding said laminated unit cells and 
said gas manifold into an integral body by means of 
injection molding process. 



Patentanspruche 

1. Elektrolytbrennstoffzelle aus festem Polymer, auf- 
weisend mehrere im Stapel ubereinander angeord- 
nete Einheitszeflen, 

wobei jeweils zwei Einheitszellen einen elektrisch 
leitfahigen Separator aufweisen, der zwischen ih- 
nen angeordnet ist, 
wobei die Einheitszelle aufweist: 

ein Paar von Elektroden, die jeweils eine kata- 
lytische Reaktionsschichtumfassen, wobei das 
Paar von Elektroden zwischen sich angeordnet 
eine Elektrolytdunnfilmschicht aus festem Po- 



lymer aufweisen, 

eine Einrichtung zum Zufuhren und Verteilen 
eines Brennstoffgasgemisches, das Wasser- 
stoff auf einer Oberflache des Paars von Elek- 
5 troden enthalt, und eine Einrichtung zum Zu- 

fuhren und Verteilen eines Oxidansgases, das 
Sauerstoff enthalt, auf der anderen Oberflache 
des Paars von Elektroden, 

10 wobei eine gasdichte, elektrisch isolierende einheit- 
liche Schicht auf den Flanken der ubereinander an- 
geordneten Einheitszellen und zwischen den ge- 
stapelten Einheitszellen vorgesehen ist, wodurch 
zwischen diesen Elektroden und dem Separator 

15 Gasdichtigkeit verliehen ist, wobei die isolierende 
Schicht aufien Endabschnitte der Separatoren ab- 
deckt, wobei die Rander der Elektroden der Ein- 
heitszellen die Flanken der ubereinander angeord- 
neten Einheitszellen erreicht, und wobei die elek- 

20 trisch isolierende Schicht ein Verbundstoffmaterial 
umfasst, das mit einem elektrisch isolierenden Ma- 
terial und einem Material konfiguriert ist, das eine 
grofiere Zugfestigkeit besitzt, als das elektrisch iso- 
lierende Material. 

25 

2. Brennstoffzelle mit festem Polymerelektrolyt nach 
Anspruch 1 , wobei ein Gasverteiler auf den Flanken 
der laminierten Einheitszellen uber eine elektrisch 
isolierende Schicht vorgesehen ist, um das Brenn- 

30 stoffgas dem Modul zuzufuhren und zu diesem zu 
verteilen. 

3. Brennstoffzelle mit festem Polymerelektrolyt nach 
Anspruch 2, wobei der Gasverteiler aus elasti- 

35 schem Material besteht. 

4. Brennstoffzelle mit festem Polymerelektrolyt nach 
Anspruch 2, wobei der Gasverteiler aus dem selben 
Material wie die elektrisch isolierende Schicht be- 

40 steht. 

5. Brennstoffzelle mit festem Polymerelektrolyt nach 
Anspruch 4, wobei die elektrisch isolierende 
Schicht Harz oder Gummi enthalt. 

45 

6. Brennstoffzelle mit festem Polymerelektrolyt nach 
Anspruch 1 , wobei der Separator aus einer Metall- 
platte mit einer Gasverteilungsnut besteht und wo- 
bei die Gasverteilungsnut mit der Einrichtung zum 

50 Zufuhren und Verteilen des Kraftstoffgases durch 
ein gasdichtes nichtmetallisches Material verbun- 
den ist. 

7. Brennstoffzelle mit festem Polymerelektrolyt nach 
55 Anspruch 6, wobei die Gasverteilungsnut aus meh- 

reren parallel zueinander angeordneten linearen 
Nuten besteht. 
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8. Brennstoffzelle mit festem Polymerelektrolyt nach 
Anspruch 7, wobei die Gasverteilungsnut auf einer 
Seite der Metallplatte einen konkaven Abschnitt fur 
eine Gasverteilungsnut auf der anderen Seite der 
Metallplatte bildet. 

9. Brennstoffzelle mit festem Polymerelektrolyt nach 
Anspruch 6, wobei der Separator aus mehreren Me- 
tallplatten besteht, und wobei eine Gasverteilungs- 
nut auf der gesamten Flche von zumindest einer der 
Metallplatten vorgesehen ist. 

10. Brennstoffzelle mit festem Polymerelektrolyt nach 
Anspruch 6, wobei die Flachen der Metallplatte im 
Kontakt mit dem gasdichten nichtmetallischen Ma- 
terial eine Gasdichtigkeit gegenuber dem Brenn- 
stoffgas aufweisen, wenn das gasdichte nichtme- 
tallische Material gegen die Metallplatte mit einem 
Druck von nicht weniger als einem gegebenen Wert 
gepresst ist. 

11. Verfahren zum Herstellen einer Brennstoffzelle mit 
festem Polymerelektrolyten, aufweisend mehrere 
Einheitszellen, die laminiert sind, wahrend dazwi- 
schen elektrisch leitfahige Separatoren angeordnet 
sind, wobei die Einheitszelle eine Elektrode mit ei- 
nem Paar von katalytischen Reaktionsschichten 
umfasst, welche dazwischen eine feste Polymer- 
elektrolytdunnschicht sandwichtartig einschliefien, 
eine Einrichtung zum Zufuhren und Verteilen eines 
Brennstoffgasgemisches, welches Wasserstoff ent- 
halt, zu einer Flache der Elektrode, und eine Ein- 
richtung zum Zufuhren und Verteilen eines Oxid- 
ansgases, das Sauerstoff enthalt, zu der anderen 
Flache der Elektrode, aufweisend die Schritte: 

Laminieren von mehreren der Einheitszellen 
uber Separatoren dazwischen in einem Stapel 
und mechanisches Fixieren der mehreren Ein- 
heitszellen ausgehend von beiden Enden, urn 
laminierte Einheitszellen zu erzeugen, 
Bilden einer elektrisch isolierenden Schicht auf 
den Flanken der ubereinander angeordneten 
Einheitszellen und zwischen den gestapelten 
Einheitszellen, wobei die Schicht ein Verbund- 
stoffmaterial aufweist, das mit einem gasdich- 
ten und elektrisch isolierenden Material und ei- 
nem Material konfiguriert ist, das eine grdliere 
Zugfestigkeit besitzt, als das elektrisch isolie- 
rende Material auf den Flanken der laminierten 
Einheitszellen, und 

Bereitstellen von Gasverteilern auf den lami- 
nierten Einheitszellen uber die elektrisch isolie- 
rende Schicht zur Verbindung der Schicht auf 
den Verteiler in gasdichter Weise. 

12. Verfahren zum Herstellen einer Brennstoffzelle mit 
festem Polymerelektrolyt nach Anspruch 11, wobei 



die elektrolytisch isolierende Schicht auf dem Gas- 
verteiler mittels Ultraschallschweifien vorgesehen 
ist. 

5 13, Verfahren zum Herstellen einer Brennstoffzelle mit 
festem Polymerelektrolyt nach Anspruch 11, wobei 
die Gasverteiler auf den laminierten Einheitszellen 
uber die elektrisch isolierende Schicht zur Verbin- 
dung der elektrisch isolierenden Schicht auf den 

w Verteilern in gasdichter Weise vorgesehen sind, 
durch Formen der laminierten Einheitszellen und 
des Gasverteilers in einem integralen Korper mit- 
tels eines Spritzgussprozesses. 

75 

Revendications 

1. Pile a combustible a electrolyte polymere solide 
comprenant une pluralite de cellules unitaires em- 

20 pilees, chaque ensemble de deux cellules unitaires 
comportant un separateur dispose entre elles, ladi- 
te cellule unitaire comprenant : 

une paire d'electrodes, chacune d'entre elles 
25 comprenant une couche a reaction catalytique, 

ladite paire d'electrodes comportant un film 
d'electrolyte polymere solide dispose entre cel- 
les-ci, un moyen destine a fournir et a distribuer 
un melange de gaz combustible contenant de 
30 I'hydrogene a une surface de ladite paire 

d'electrodes, et un moyen destine a fournir et 
distribuer un gaz oxydant contenant de I'oxyge- 
ne a I'autre surface de ladite paire d'electrodes, 

35 dans laquelle une couche unitaire electrique- 

ment isolante etanche aux gaz est placee sur les 
flancs des cellules unitaires empilees et entre les 
cellules unitaires empilees, de maniere a apporter 
ainsi une etancheite aux gaz entre lesdites electro- 
des et ledit separateur, ladite couche isolante re- 
couvrant les parties d'extremite exterieures desdits 
separateurs, dans laquelle les bords des electrodes 
desdites cellules unitaires atteignent les flancs des 
cellules unitaires empilees, et dans laquelle ladite 

<5 couche electriquement isolante comprend un ma- 
teriau composite configure au moyen d'un materiau 
electriquement isolant et d'un materiau possedant 
une resistance a la traction plus elevee que celle 
dudit materiau electriquement isolant. 

50 

2. Pile a combustible a electrolyte polymere solide se- 
lon la revendication 1, dans laquelle un distributee 
de gaz est place sur les flancs desdites cellules uni- 
taires stratifiees par I'intermediaire de ladite couche 

55 electriquement isolante. de maniere a fournir et dis- 
tribuer ainsi le gaz combustible au module. 

3. Pile a combustible a electrolyte polymere solide se- 
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Ion la revendication 2, dans laquelle ledlt distribu- 
tee de gaz est constitue d'un materiau elastique. 

4. Pile a combustible a electrolyte polymere solide se- 
lon la revendication 2, dans laquelle ledit distribu- 
teur de gaz est constitue du meme materiau que 
ladite couche electriquement isolante. 

5. Pile a combustible a electrolyte polymere solide se- 
lon fa revendication 4, dans laquelle ladite couche 
electriquement isolante est constitute d'une resine 
ou d'un caoutchouc. 

6. Pile a combustible a electrolyte polymere solide se- 
lon la revendication 1 , dans laquelle ledit separa- 
teur est compose d'une plaque metallique compor- 
tant une rainure de distribution de gaz et ladite rai- 
nure de distribution de gaz est reliee au moyen des- 
tine a fournir et distribuer ledit gaz combustible par 
un materiau non metallique etanche aux gaz. 

7. Pile a combustible a electrolyte polymere solide se- 
lon la revendication 6, dans laquelle ladite rainure 
de distribution de gaz est constitute d'une pluralite 
de rainures lineaires disposees parallelement les 
unes aux autres. 

8. Pile a combustible a electrolyte polymere solide se- 
lon la revendication 7, dans laquelle ladite rainure 
de distribution de gaz sur une surface de la plaque 
metallique forme une partie concave pour une rai- 
nure de distribution de gaz sur I'autre surface de 
ladite plaque metallique. 

9. Pile a combustible a electrolyte polymere solide se- 
lon la revendication 6, dans laquelle ledit separa- 
tes est constitue d'une pluralite de plaques metal- 
liques et une rainure de distribution de gaz est pla- 
cee sur la totalite de la surface d'au moins Tune des 
plaques metalliques. 

10. Pile a combustible a electrolyte polymere solide se- 
lon la revendication 6, dans laquelle les surfaces de 
la plaque metallique en contact avec le materiau 
non metallique etanche aux gaz ont une etancheite 
aux gaz pour ledit gaz combustible quand le mate- 
riau non metallique etanche aux gaz est appuye 
contre la plaque metallique avec une pression qui 
n'est pas inferieure a une valeur donnee. 

11. Procede de production d'une pile a combustible a 
electrolyte polymere solide comprenant une plura- 
lite de cellules unitaires stratifiees tout en placant 
des separateurs electriquement conducteurs entre 
elles, ladite cellule unitaire comprenant une electro- 
de comportant une paire de couches de reaction ca- 
talytique qui prennent en sandwich entre elles un 
film en electrolyte polymere solide, un moyen des- 



tine a fournir et distribuer un melange de gaz com- 
bustible contenant de I'hydrogene a une surface de 
ladite electrode, et un moyen destine a fournir et 
distribuer un gaz oxydant contenant de I'oxygene a 
5 I'autre surface de ladite electrode, comprenant les 
etapes consistant a : 

stratifier une pluralite des cellules unitaires par 
I'intermediaire de separateurs places entre el- 
10 les selon un empilage et fixer mecaniquement 

la pluralite des cellules unitaires par leurs deux 
extremites de maniere a constituer des cellules 
unitaires stratifiees, 

former une couche isolante sur les flancs des 
15 cellules unitaires empilees et entre les cellules 

unitaires empilees, ladite couche electrique- 
ment isolante comprenant un materiau compo- 
site configure au moyen d'un materiau etanche 
aux gaz et electriquement isolant et d'un mate- 
20 riau possedant une resistance a la traction plus 

elevee que celle dudit materiau electriquement 
isolant sur les flancs desdites cellules unitaires 
stratifiees, et 

placer des distributeurs de gaz sur lesdites cel- 
25 Jules unitaires stratifiees par I'intermediaire de 

la couche electriquement isolante de maniere 
a assembler ladite couche sur lesdits distribu- 
teurs de fagon etanche aux gaz. 

30 12. Procede de production d'une pile a combustible a 
electrolyte polymere solide selon la revendication 
11, dans lequel ladite couche electriquement iso- 
lante est placee sur les distributeurs au moyen d'un 
soudage ultrasonore. 

35 

13. Procede de production d'une pile a combustible a 
electrolyte polymere solide selon la revendication 
1 1 , dans lequel lesdits distributeurs de gaz sont pla- 
ces sur les cellules unitaires stratifiees par I'inter- 

40 mediaire de la couche electriquement isolante de 
maniere a assembler ladite couche sur lesdits dis- 
tributeurs de facon etanche aux gaz par moulage 
desdites cellules unitaires stratifiees et dudit distri- 
butee de gaz selon un element d'une seule piece 

45 au moyen d'un processus de moulage par injection. 
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FIG. 1 
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FIG. 2 
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FIG. 4 
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FIG. 6 
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FIG. 7 
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FIG. 8 
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FIG.9A 




FIG.9B 
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FIG.10A 
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FIG. 11 
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FIG.12A 
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FIG.12B 
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FIG. 13 
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FIG. 14 
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